Abstract
Introduction
More and more of today's organizations find themselves in dynamic, even hypercompetitive environments. Traditional business processes featuring repetitive transactions and routine activities will no longer suffice in such environments. Increasingly, organizations must move away from old rigid organizational structures and management processes to more flexible organizational designs and management practices to adapt to escalating global competition, the rapid rate of technological change, and more exacting customization demands from customers. New, more flexible organizational designs, management practices, and business processes of some firms allow them to compete aggressively and even to gain competitive advantage in their industries [1] .
Reportedly, one of the major contributors to organization productivity and performance has been information systems [2] . However, there are some questions about information systems providing the necessary capabilities to enable flexible organizational designs and business processes that organizations need in hypercompetitive environments [3] . Traditional information systems such as enterprise resource planning (ERP) and supply chain management (SCM) have been tightly woven with business processes in a large number of firms and produced, in many cases, inflexible organizational designs instead of flexible ones [4] . Researchers have recognized this dilemma and called for the development of more flexible information systems to support the need for more flexible, agile organizations [5] [6] . Although there have been attempts to measure and gauge the impact of information systems flexibility in organizations [5] , there are still many gaps in our understanding of the relationship between information systems flexibility and the new, more flexible organizational forms needed for hypercompetitive environments.
This study examines information systems flexibility and the implications of using this flexibility in hypercompetitive environments. An initial framework for information systems flexibility is investigated and established. This study considers flexibility in a new light by exploring two different types of flexibility and explaining the role of one of these types play in information systems design and implementation in hypercompetitive environments. Another aspect of this study that makes it different than previous studies is that it focuses on the information systems flexibility after the system has been put into use that results from decisions and actions made during the design and development stages of the information systems implementation process. It is estimated that software effort on maintenance may approach 80% of the entire software budget [7] . Some of this maintenance budget is spent on correcting systems that were poorly specified in the first place. However, a majority of this budget is spent on reacting to changes in the organization or the environment [8] . In hypercompetitive environments, the percentage of software effort given to reacting to changes in the organization or the environment after implementation is likely to be even higher because of the sheer number of new situations that occur in fast-paced industries. The framework in this study accentuates the need to be devoted to certain principles that lead to better information systems flexibility and, therefore, to decreased costs and to improved timeliness when responding to organizational or environmental changes after information systems implementation.
Hypercompetitive environments
As mentioned earlier, competition in a growing percentage of industries is characterized by the globalization of markets, rapid technological changes, extremely short product life cycles, and new, unexpected, and aggressive competitors. The current movement to hypercompetitive environments is in sharp contrast to earlier times of stable competitive environments where there were long periods of dominance by industry leaders. As hypercompetitive environments become more common, competition is shifting to much shorter time periods of competitive dominance interrupted by market discontinuities. In many cases, the existing dominant firms cannot adapt to these market disruptions and they yield their leading market positions to the forceful challenges by new, more nimble competitors.
In relatively stable competitive environments, firms develop dominant market positions by creating core competences that are valuable, rare, inimitable, nonsubstitutable, and immobile [9] . The core competences typically serve these companies well in stable environment because of the difficulty of their competitors in acquiring these valuable resources. Changes in such environments are relatively infrequent and predictable. Therefore, the dominant firms can use their learning curves related to their existing core competences to address these changes successfully and stay ahead of competitors [10] .
Unfortunately, for the dominant firms, as industries move into hypercompetitive conditions, the same core competences that upheld their market control and position in more stable times can now quickly become weaknesses. Leonard-Barton [11] noted that what was once a core competence can quickly become a core rigidity in a hypercompetitive environment. As a core competence becomes more institutionalized into the fabric of an organization, the less flexible that company is likely to become in its response to outside competitive challenges. The very thing that once helped a company to dominate its market can now be an albatross in that firm. Volberda [12] wrote (p. 360):
"In the new mode of hypercompetition, rents do not derive from specialized routines (core competences) but from adaptive capability. The reason is that, with hypercompetition, competitive change cannot be predicted but only responded to more or less efficiently ex post. Hence, superior organizational modes in hypercompetitive environments must generate superior adaptive capability."
The reality that a competitive response can only be made to the unexpected changes in hypercompetitive environments after the changes have occurred is important to the information systems design and implementation model developed in this paper. The realization that the changes in a hypercompetitive environment cannot be planned for in the conventional sense should be understood. Since possible disruptions in a hypercompetitive environment are unknown and also unknowable, no capabilities can be designed and embedded into an information system to directly address such disruptions. When frequent disruptions take place in hypercompetitive environments and companies change their products, strategies, and structures to cope, their information systems must also co-evolve with these other organizational resources if strategic alignment is to be maintained [13] . If a company has tried to predict these changes and to embed the expected changes in their information systems by extending the range of capabilities of the systems, they are likely to fail simply because they are likely to guess wrong about the capabilities that are needed for changes in a hypercompetitive environment. As noted earlier, the changes in these environment are unknowable and, therefore, unpredictable. They can only be responded to after the changes have occurred. Therefore, information systems in hypercompetitive environments must be designed, developed, and implemented to be responsive to these unpredictable changes in the timeliest way so they can co-evolve with other organizational resources and maintain alignment.
An example of a current hypercompetitive industry is the telecommunication industry. New vehicles for the delivery of voice, video, and data traffic, the so-called technological convergence, are re-shaping the telecommunication landscape. These vehicles include Internet Protocol (IP) networks, wireless networks, satellite systems, public utilities networks, and cable networks. These new delivery networks have altered the ways of doing business and provided many new business opportunities but also competitive threats [14] . Customers in the telecommunication industry are extremely demandelastic and willing to switch to and from competitors in response to lower prices, better services, and special deals [14] . Barriers to entry into the telecommunication industry have dropped tremendously with potential competitors entering the market from several other markets such as cable television, public utility, and the Internet. For example, Google, known primarily as an Internet search company, has announced that it is developing a mobile telecommunication operating system for smart phones and an underlying open network [15] . The open network is supposed to free customers from proprietary mobile networks now available and make it easy for a customer to change telecommunication provider with the same handset, something very difficult to do currently.
Companies in the telecommunication industry are indeed confronted with rapid changes and must make, develop, and execute fast strategic decisions such as redefining business strategies and adapting their current business models to the fast-paced changes in the industry. Taking advantage of the new technological opportunities and deflecting the competitive threats pose a very difficult challenge. The pace of technological convergence and the need to address the competitive opportunities and threats very swiftly add complexity to this challenge. The fast and continuous change is the new paradigm for the telecommunication industry as it is for an increasing number of industries. In such an environment, the need for flexibility is likely acute. The next section examines this concept of flexibility in more depth.
Flexibility
The concept of flexibility itself is often viewed as a vague term and with many different connotations [16] . It can be used as an inherent property of an entity such as an information system, functional area, or organization [8] . It can also be viewed as a response capability to foreseen or unforeseen changes in the organization or environment [16] . There is also a temporal aspect to this view of flexibility. One might ask how quickly the response should be for an entity to be labeled as "flexible." Other views are also found in the literature [8] [16] . Therefore, it is imperative in any study to clearly define what is meant by flexibility. The next section will examine flexibility and articulate its denotation for this study.
Flexibility has long been a topic of research in many business disciplines including economics, organization studies, decision theory, manufacturing, and information technology. The problem with all of this attention in these various disciplines is that the concept of flexibility has been defined in many different ways. It is not clear in many studies just what is meant by the term flexibility. Flexibility is very closely related to such terms as adaptability, agility, robustness, versatility, elasticity, malleability, and resilience. Some researchers have made attempts to formally and unambiguously define flexibility and thus bring a distinction between flexibility and these related terms [16] . These attempts have not met with much success because of the polymorphous nature of the term. The meaning of flexibility is many times colored by the nature of the problem or setting being examined [16] . Probably the most successful strategy that has been attempted in past studies has been to split the concept of flexibility into component parts that can be operationalized and, therefore, measured, prioritized, and improved.
Golden and Powell [16] identify four dominant metrics of flexibility from the research literature. The four metrics are (1) efficiency, (2) responsiveness, (3) versatility, and (4) robustness. Efficiency can be defined as the capability to minimize degradation in performance of a system within some defined range [16] . The range is associated with the number of options, alternatives, or choices which may be exploited for opportunities or affected by threats in the system. With efficiency, a flexible system has little transition penalty when coping with changes within a defined range. That is, the system will not be affected adversely in terms of time, effort, cost, or performance in the range. In systems where these are somewhat indifference to changes on relevant system characteristics, the system is considered to be flexible within the relevant range. For example, a computer network that can more easily increase or decrease its capacity to accommodate more or less users, respectively, is more flexible on that dimension than another computer network.
Responsiveness is related to the temporal dimension. Responsiveness is defined as the speed of a response to change stimuli. Das and Elango [17] describe responsiveness as the nimbleness and swiftness of actions of being proactive in exploring opportunities while guarding against threats.
The next metric is versatility which measures "the extent to which the organization has planned for, and can respond to environmental change" (p. 379). To really understand versatility and distinguish it from robustness, the fourth metric, the concepts of foreseeable changes and unforeseeable changes must be considered. Versatility as a planning outcome is in the range of contingent changes and outcomes that are foreseeable by the organization. Therefore, the plans for versatility are based on the risks and likelihoods that certain situations, circumstances, conditions, or other events will occur. Risks are calculable and, thus, can be insured against, at least in principle. A system is versatile to the degree that is can accommodate foreseeable changes that are or could have been planned for. The system must embed enough features and capabilities that foreseeable future changes can be handled efficiently [18] .
Robustness, on the other hand, measures the capacity of a system to be responsive to unforeseeable environmental changes. The changes in the unforeseeable environment are total surprises and cannot be realistically planned for. Many times these changes happen in what is referred to as hypercompetitive environments where change is constant and highly uncertain. Robustness is not amendable to risk analysis since risks are calculable. Robustness is more aligned with uncertainty where the likelihood of predicting future events is impossible and, therefore, the risks cannot be calculated. In hypercompetitive environments, the new ideas, new concepts, new opportunities, and new threats that continually and frequently appear are often impossible to predict.
One observation that comes from the discussion of these four metrics is the relationships between them. Versatility seems to be more related to efficiency and robustness more related to responsiveness. With versatility, the range of flexibility is determined from planning outcomes and the ability to ascertain the foreseeable changes in the environment. Efficiency is any decrease in performance measures within this range. Additionally, for versatility, responsiveness is not a major issue since the capability to response is built into the system. Therefore, any response to foreseeable changes should be fairly rapid. For robustness, a definitive range for changes cannot be defined so efficiency is not a major concern. The range of possible changes is impossible to define since relevant changes are unforeseeable and can occur in innumerable different ways. Therefore, efficiency is not an issue for robustness because efficiency is related to the changes within a defined range. However, the time needed to respond to the unforeseeable changes can be a major issue for robustness. To accommodate and respond to an unforeseeable change that has occurred, an information system would likely "add," or more accurately, "integrate" some new capability with its existing capabilities. Acquiring this capability and trying to get it to work smoothly with the other components of the system impact greatly the responsiveness of the system. Although Golden and Powell [16] used the terms versatility and robustness to distinguish between the foreseeable and unforeseeable changes, these distinction are not used universally in discussing flexibility. Since this paper has argued that efficiency and versatility are associated with foreseeable changes and that responsiveness and robustness are associated with unforeseeable changes, this paper will refer to the two types of flexibility as efficient versatility flexibility and robust responsiveness flexibility, respectively. Efficient versatility flexibility is the metric of flexibility that examines the plan for foreseeable changes and establishes a range of actions in which to react to the changes. It is characterized primarily by an expansion of services in the information systems in response to possible changes that can be predicted and have a pre-determined level of risk associated with it. Since all An Examination of Information Systems Flexibility Laura Jacome, Terry Anthony Byrd, Linda W. Byrd International Journal of Information Processing and Management. Volume 2, Number 2, April 2011 possible contingencies cannot be included in a system, there must be some level of likelihood versus consequence associated with the inclusion of any service embedded in the information system. Robust responsiveness flexibility is the metric of flexibility that examines the reactions to unforeseeable changes in the environments. Since the changes are unforeseeable, there is no way to determine the possible services that could address these changes in the future. Therefore, the suggestion here is that instead of focusing on the expansion of services in the system, that the underlying infrastructure of the system be loosely-coupled and modular. In this way, modules that hold the appropriate services can be added or modified quickly as needed in response to rapid, unforeseeable changes in the organization or environment.
Robust responsiveness flexibility, with its emphasis on responsiveness instead of efficiency, would seem to be the more relevant characteristic for information systems utilized in hypercompetitive environments. In fact, there is likely a conflict between information systems having both efficient versatility and robust responsiveness from a practical standpoint [18] . There is a cost associated with either type of flexibility. A firm in a stable environment where changes are fairly predictable does not need to have a heavy invest in robust responsiveness flexibility since most of the relevant changes are foreseeable. A large investment in this type of flexibility in such cases would seem to be a waste of capital and resources. On the other hand, a firm in a hypercompetitive environment does not need a huge investment in efficient versatility flexibility since the important changes are likely to be unforeseeable. Investment of time, capital, and resources in this type of flexibility in such an environment is not very valuable. Firms in hypercompetitive environments would be more prudent to invest most of their time and resources into preparing to respond to unforeseeable changes in the timeliest fashion since it is those changes that will most likely determine the success or failure of those firms. Since this paper is focused on information systems design and use in hypercompetitive environments, the rest of the paper will focus the robust responsiveness flexibility in the case study. In the next section, the literature for information systems flexibility will be reviewed and analyzed relative to this concept of robust responsiveness flexibility.
Information systems flexibility in hypercompetitive environments
Information systems are key to the competitiveness of organizations in virtually every industry [19] . In a business environment, an information system is normally viewed as consisting of several components: information technology components such as hardware, software, processes, and data. A system is an assemblage of various components brought together to achieve some common goal or purpose. Therefore, the components of an information system are assembled to accomplish some specific organizational objectives and goals.
Since information systems are a central component in determining the competitiveness of firms in an industry, these systems must be able to follow any required changes in strategies and structures of the firms. In hypercompetitive industries, change is fast, unpredictable, and complex [12] . Companies in such environments must be quick to respond with changes in their business strategies and organizational structures [20] [12] . The alignment between business strategies, organizational structures, and information systems has been shown to be related to organizational performance [21] . Therefore, it stands to reason that if business strategies and organizational structures of firms in hypercompetitive environments are constantly changing and shifting, the information systems of those firms must also constantly change to maintain alignment. In such cases, the information systems must be flexible enough to be able to change in concert with the strategies and structures of the organizations.
Previous work on information systems flexibility has not taken this need in consideration in discussing information systems flexibility e.g. [5] . The previous work on information systems flexibility has pertained to all types of organizations and for guiding change initiatives in general and has not focused on hypercompetitive environments. Yet, over time, a larger fraction of industries can be categorized as hypercompetitive industries. Consequently, this study concentrating on design issues of associated with information system flexibility in hypercompetitive environments is very much needed.
Studies show that to enhance flexibility, all levels of an organization should be involved [22] . Michelis et al. [23] envision that change related issues for information systems arise from three areas of 
Case study validation
To test part of the model, a case study involving a data warehouse information system was investigated.
The data warehouse (DWH) information system was implemented in a telecommunication company in a Latin American country. The commercial offerings in this firm have become very sophisticated and the quality of the information for decision making has to keep pace with these offerings. The DWH, therefore, was expected to provide marketing personnel and other stakeholders with information on the operation of the firm that would help them in their decision making about existing and new products and services.
Of course a telecommunication company is in a fast-growing, competitive market and there is tremendous pressure on all units in the company to gather detailed and accurate information to aid them in decision making. This information must also be timely. In fast-paced hypercompetitive industries, executives and managers are asked to make rapid decisions based on the best available information at the time. If executives and managers do not receive timely information as well as accurate information, the decisions they make will suffer. Even if relevant information received is accurate, if it is not timely and the opportunity to use itprofitably has passed, it is of little value at that point. In such cases, the information system (IS) applications to support such decisions must be able to provide that information in a timely manner. If changes are needed because of competitive pressures in the industry, the IS application must be adaptive and able to handle these changes very quickly.
As stated earlier, the telecommunications industry is a hypercompetitive industry. Any IS application that supports critical decisions must be able to change and adapt very quickly to provide sufficient value. The DWH in this firm in Latin America is subjected to many different changes and must be quick to respond since it services essentialdecision makers in this company in a hypercompetitive industry. These changes includes changes to the interfaces, changes to the databases the DWH services, changes to the business rules, changes to regulations, and changes to other information stored in the system. Many of these changes cannot be anticipated early in their business processes and, therefore, the data warehouse software must be highly adaptable to accommodate these unforeseen changes.
The DWH is an application oriented to electronically store data generated by the daily operation of a telecommunication operator (i.e., number of calls, destination, minutes, details of clients, etc). When data are generated they are stored in multiple databases (called here operating databases), each one belonging to a different business unit in the company. From them, selected information is extracted to be downloaded to the DWH. The main objective of the DWH is to store data in a single container to facilitate consolidated reporting and analysis of information across these different business units. It was also designed to be used in several countries where the company has operations. Some of the business operations in these countries can be quite different. For example, the customers for the business unit of this firm in Spain have mostly post-paid plans, in Mexico, the customers are primarily pre-paid customers, while in Guatemala, special rules apply because of political considerations.
The characteristics of the DWH were analyzed to determine how well they fit with the attributes in the model for software that services unforeseen changes in an organization. The fact that the processes from different business units and countries are related, but independent of each other, points to a decoupling of the processes. This is important because the company faces many uncertainties as the requests for information are complex, different, and must be performed in a very short time. Since changes might to be made to some processes very quickly, the decoupling of the processes allows for them to be changed without directly affecting any other processes. A tightly coupled integration among processes is not needed since the processes of all the units can operate independently of each other and share data through standardized interfaces. This decoupling also allows for the technology to be implemented and later accommodate changes in the strategy of the company.
Also in line with this view of the processes, the information technology is implemented in modules to support changes that cannot be anticipated. The application was built on the principle of modularity across several countries where the company has subsidiaries. The external company that developed the DWH is highly oriented on the use of modular techniques and software re-use. These modular techniques were given as early design requirements so that the same DWH application could be used in several countries. The components in the infrastructure of the DWH can be added, modified, or removed without affecting the overall application because the components are isolated and only connected through standardized interfaces. They do not share code in any way. This capability is very much line with the purposed modularity attributes in our model.
The issues of process decoupling and modularity point to the need for meta-knowledge. Metaknowledge is "knowledge about knowledge." Deep knowledge of each process is not needed to manage the DWH in this firm. However, what is needed is knowledge about how all of these various processes fit together. The developers of the DWH need to understand the information that needs to be obtain from each process, the proper interfaces to present to different and distinct decision makers, the structure and construction of the business rules, how to integrate regulatory rules and regulations into the various processes and similar knowledge management tasks. It is the understanding of these types of tasks that allows for rapid redesign of a modular IS application to support changes in a hypercompetitive environment.
In our interviews, the executives perceived the issue of process flexibility mainly as steps prior to their implementation. For example, they mentioned complete and correct process definition or the need to have processes defined in such a way to be clear, easily implemented, and well documented. One executive mentioned, "a clear process can be communicated and understood easily." It is precisely at this definition level that interviewed IT managers believe are the issue of process flexibility as characterized by decoupling and modularity. Process definition and their specifications were mentioned as critical for responding to changes on time. Other important issues according to the managers that promoted IS flexibility in the processes were enforced alignment of processes with enterprise policies, clearly defining shared processes, and the existence of a governance structure. All of these are clearly "meta-knowledge" issues.
There is also data independence between the data in the DWH and the data in their original operating databases. This design allows for the DWH to be used by operating databases in different countries where the data designs might differ from one another. To reach this objective, a well defined interface for downloading information was created and a common data model was established. This matches two of the attributes for the data characteristics in the model. These are the needs for interorganizational structured data connectivity and data independence from applications.
Information gathered from interviews show that the conjoined definition of data (in the sense of data needed and its format) and establishing naming conventions enable managers to act swiftly as they share a common vocabulary and have the data all business units need. The managers consider standards with external entities (such as operators) very important due to the fact of the high level of interaction the industry requires (e.g., to be able to share data from networks of different providers to calculate costs and other measurements). Using standardized definition of data from the industry is at the meta-knowledge level because the focus in on the definition and knowledge about the data and not on the specific data element themselves.
Conclusion
This study has reviewed some of the literature on creating flexibility in IS. The study identified two conditions that would affect the response to the need for flexibility in an IS. One is the foreseen changes and the other one is the unforeseen changes that might affect the strategies and operations of organizations. A model was developed based on the literature of the flexibility enablers that are likely to be part of an IS for these two types of changes. A case study was done to test the viability of one type of change, unforeseen change, in the model. The results of the case study indicate that the flexibility enablers for unforeseen change are viable and should be examined further in future studies. Additionally, the flexibility enablers for foreseen change should be explored further to test their viability.
